Huntington's disease (HD) is associated with expansion of a CAG repeat in a new gene. We have recently defined a premutation in a paternal allele of 30 to 38 CAG repeats in the HD gene which is greater than that seen in the general population (<30 repeats) but below the range seen in patients with HD ( > 38). These intermediate alleles are unstable during transmission through the germline and in sporadic cases expand to the full mutation associated with the clinical phenotype of HD. Here we have analysed three new mutation families where, in each, the proband and at least one sib have CAG sizes in the HD range. In one of these families, two sibs with expanded CAG repeats are both clinically affected with HD, thus presenting a pseudorecessive pattern of inheritance. In all three families the parental intermediate allele has expanded in more than one offspring, thus showing a previously unrecognised risk of inheriting HD to sibs of sporadic cases of HD.
George Huntington, in his classic description in the Medical and Surgical Reporter in 1872, noted that Huntington's disease seems to obey 'fixed laws' when he observed that in all instances "this disease appears to be transmitted from parent to child".' It is not surprising that George Huntington did not describe any new mutations causing HD as these have been thought to be extremely rare, with the mutation rate in HD among the lowest known for any genetic disorder."4 In part this has reflected the fact that to diagnose a new mutation for HD very strict criteria have been developed including the fact that the parent must live beyond the expected age of onset and that paternity should be confirmed. 5 Another factor that previously excluded the identification of a new mutation causing HD has been a family history of HD with the presence of HD in a sib of the proband. In these instances, even in the absence of HD in the parents, this has been taken as presumptive proof either that the parents are not as stated, or that one of the parents has not lived long enough to manifest signs and symptoms of this illness.
In our recent study of 21 new mutations causing HD,6 we have shown that CAG repeat expansion underlies the vast majority of cases with sporadic HD, similar to that seen in Kremer, F Squitieri, H Telenius, persons with a family history of this disorder. We have shown the existence of an intermediate allele of 30 to 38 CAG repeats in the fathers of sporadic cases of HD. These intermediate alleles are unstable during transmission through the germline and in the sporadic cases expand to the full mutation associated with the clinical phenotype for HD.
Here we provide a more detailed analysis and clinical histories on three of these families. We show that expansion of the premutation to the full mutation associated with HD also occurs in some sibs of the probands with sporadic HD. This constitutes, therefore, a previously unrecognised genetic risk of inheriting HD to sibs of sporadic cases of HD.
Methods

PATIENT SELECTION
Probands with clearly documented HD were selected from our database by virtue of not having a family history of HD in the parents and where the parents had lived beyond the expected age of onset of HD (usually greater than 60 years without any manifestations of the disease) and where paternity of the sporadic case had been confirmed. Further evaluation of the family was obtained through detailed personal or telephone interviews and through clinical examination.
PCR ANALYSIS
Genomic DNA was isolated from leucocytes by standard extraction procedures.7 PCR amplification of the HD CAG repeat was performed as described previously8 using primers HD344 (5' CCTTCGAGTCCCTCAAGT-CCTTC 3') and HD482 (5' GGCTGAG-GAAGCTGAGGAG 3'). PCR conditions were 2 mmol/l MgCl2, 50 mmol/l KCI, 20 mmol/l Tris, pH 8-4, 3-5% formamide, 15% glycerol, 200 pmol/l of each dNTP, 10 pmol of each primer, and 1 25 U of Taq DNA polymerase per 25 pd reaction. Thermal cycling conditions were 95'C for three minutes followed by 30 cycles of 94'C for one minute, 62'C for one minute, 72'C for one minute, with a final extension at 72'C for seven minutes. PCR products were resolved as previously described on 6% polyacrylamide gels.9
Results
We recently reported on 21 new mutations for HD where the parents lived beyond the expected age at onset in the family and did not show any signs or symptoms of HD. We have identified three out of the 21 families where, in each, the father had an allele size of between 35 and 38 CAG repeats which on more than one occasion has expanded during transmission through the germline with the result that more than one offspring has a repeat length in the range seen in affected persons with HD ( figure A-C) .
The structure of these families has been changed to protect the confidentiality of family members. FAMILY Detailed interview and examination of the parents showed that both parents were over 70 years old without signs or symptoms of any neurological illness. There was no evidence for a progressive neurological disorder in either parent or any of their ancestors.
The proband is one of a sibship of four where no other sibs manifest any signs or symptoms of this illness. Detailed paternity studies using polymorphic DNA markers confirmed that all the children were the offspring 1 of these parents. The father and mother had upper alleles of 37 and 16 respectively, while the proband had an upper allele size of 53 repeats. Molecular analysis of the three sibs showed that one sib had allele sizes within the normal range at 16 and 18 respectively, while two other sibs had upper alleles consistent with the affected range for HD, of 40 and 41 respectively (figure B). Detailed haplotype analysis using markers at D4S127, D4S95, and an AccI polymorphism within the gene (manuscript in preparation) showed that the upper allele in the father had expanded to the allele size of 53 in the proband and to 40 and 41 in two of the other offspring. FAMILY 3 The proband in family 3 (figure C) had onset of clinical features with clumsiness, involuntary movement disturbances, and personality change aged 39. The illness followed a progressive course and the diagnosis of possible HD was made based on the clinical presentation and evidence for caudate nucleus atrophy on CT scan. The parents were both dead but neither of them had suffered from any neurological disorder. Both had lived beyond the age of 50. Both sets of grandparents had lived beyond the age of 60 and detailed history showed no evidence of any neurological disorder in any first, second, or third degree family relatives.
A sib of the proband first developed involuntary movements and personality changes aged 49. This was associated with intellectual decline and memory loss. The movement disorder was progressive, associated with the characteristic gait and this patient also had evidence for caudate nucleus atrophy on CT scan. The diagnosis of HD was made despite the fact that neither of the parents manifest this illness. The clinical phenotype was very similar to that seen in the proband although this occurred 10 years later.
Molecular analysis showed that all children in this sibship were offspring of the same parents. The CAG repeat length could be determined in all four sibs. The proband had an upper allele of 41, while the affected sib had an upper allele of 38 repeats (figure C). Another sib had an upper allele size in the intermediate range (36 repeats), while another had both allele sizes within the normal range of 18 and 21.
Discussion
In the past a family history of HD in a sib, even in the absence of a history of HD in the parents, immediately excluded a new mutation causing this disorder in this family. In these three families we have shown that an intermediate CAG allele within the HD gene present in one of the parents has undergone expansion in at least two offspring, resulting in an allele size within the range seen in persons with HD. This expansion has occurred during transmission through the germline.
We have previously shown that in all seven families in whom the transmitting parent could be identified, the transmitting parent was a male. 
